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!'he ..,_ibtlJ:t.1 r4 -~ tbe 4i~<!lft!Mpetf.C toJ:m.·~ of tbe 

· pton by ~lattota ot tlle ~· ~-tor e"' + p .. u +. tr+ + · e-:-

.)1as ..n lawe&t.t&atea.• the mihoA. I• ·ba$ed on t1. ~ o~ e. pole .:ln 

tbe ele4tt'O»l~ntOD eeat~ ta.Pi.ituae u a ~toa 0t \be·. 

· ~· ~fe~ of ·tM• ~- !be :rea~ ot tble pole 
. . . . 

111 the. picm toN ~1' mulUpUM ·tiy·· ~ ooe:tftel~t• ~tile 
. ' 

,Ole Uee •l.!.Sh'~ wtala .._ .. »l\ra1Cal reatoa ot. tbe ·~ IIIOllleJltum 

- mans~, an ~l.a:tion ot the ~tal datA 1e ~· An 

a~te ealeulatton ot tbe electl'O,pion.~ ~ '"''Gil bee 
\ . ' . 

bciND .a 1n ~ to estilete tbe ~at&U ac~ Xllt-ceaaarr tor a · . . 

•tentft~ ~:polat1oa. A~ ie ;.~ vhf.Oh .1& a OJ'd.er .ot 

~tu&i.·bet.ter .. \ba\ .~ at ,._t 1ft stmtlar mqJerSDieiiU• 
' ' ' . ' . 
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l:a ~ ~· .much atteatf.OD baa beea 4~ ·to the pJ.'Oblem 

Gt the e~tc atNct-=e 'or- the .nu~. COnsltlerable ~rrt.al 

tDt~tioa on t.W,s alJbJect hU ·beelt pnnr14ecl w ·t= u,periJrents earried 

out 1:W' Hotat&4wr er.l4 M.• collabor&tol'$ on the sce.t~riD& ·of ellactzoons b1 

-ft'Ot.ons aaa. ~. 1 M& ti.OD&l tQt'Ol"J;;ll.tiOn ·was derivea t:r:om the 

'meaaweMllt -~~ 1me cro,se aect.1on t~l! &l,e~pton ~~100 (e""' + p .. e· + n + ..... ) 

b7 ~akf av1 Al1totl~:2 

.A.tDoDa ·the ~ tb.eoret1oal a~a- Whioh bave ·i:.Jeft ma4e to treat 

th$ rPleleo~oture pr&b~, the moat GUC<l8H.tul ba'v$ been btl&e4 _on the 

--~ ot spectral represent&Uoas. ' 1415 _ In tbia :metbo4, ~ftr 1 one 

~1'8 the titfiClll:W of l"'Q)l~ luJovled.ge Of the eleUQ'OJI'IIgDtitiC 

etl'U~ ot 1;he pion"' It ia .pUS.tative~ evident :tbat tbe at.rOcture 

_ of_ tM ploD -.t-«mtrs.~ to tbe ·~ ot tl1e nueleotu It tbti 

spatW ~loA ot tba I1UCl.eCm 1e cha'r&e aal ~tt.c mQllierrt; are 

Y1aUalt...4 as due to tu piOn ol4u4 ot the nuol.e<m., thea 'the apaU&l 

ex:tea1tlon ~fd the plOD viil ~\Nee to tbat ot the nucleon. tt has 

. ' - - . - -

~-been ehcMi tbat U tile p~ structure 1& ~ to be sufftctentl3' 

extetute4; ,the ~t be~ the ~rQl'e&ezitat1oll tlietm" at¥1 
. . . . . 6· 

the JNeleoD ~~~ _.. be r-emc>ved. 

untOl"Qmately, i10 e~\$ baVa been peri'Grmect which probe 

the pion .DtruCWl'e. The acatten.as ot pioms n elecbons )'1el4s rao 

~ion at e:wallable ~-i becauoe the relati..el7 mus1ve ine:tdent 
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pion cta.DilOt tnma:f'er surt"id.emt ~ to make .~ but the outermost 

pJ.1:'ts of the piOn elee~t:tc field etf'ec'tlve. On the other bal14, 

aeattering of electrons em piona ia·l'l()t fea&1bl4 because, o~ C$Ut'Se1 zao 

way lutiS been found tor ~ ~ts ~ p10D$. ·ifne ~ at this 

thesis to to· describe a methoa of using the pic:m cloud of' the proton u 

a e.pion t&rget." 

The procedure to be desertbed.,is an appl1cat1cm o£ a e;eneral methOd 

euggeoted. ~ently bY Chew and· r.ow. T tn this case, their method. e11Ubles 

one to meaS\tt'e 'the elec~ie form factor of the pion by ~pola.tion 

at tM cross seetion for e • + p .... n + tt + + e •. Tile basic principle 

involved ie the pa,ssib111ty of $D8lytic continu'4tion or tho electroproduct1on 

tJeatteriD.g amplltua.e as a tunetion ot the eque.re or ~he ~- tranGter 

of the Ull¢leon, · A
2 

• It the iniU&l nuclton has 'fOlU"~ p, s.n4 tbe 

· I ( )2 firl41 nucleon, p •, then we have A = ... p • p •. • It 1~ conJe~turecl 

that fl.t t:t~· = -~2, the seatterlfia amplt~e l1Afl an~\:tsol.ated pole Whoee 

residue tq j\,lst ~ ele~tic form factor ot the pion multiplied 

by a k.nown. coefficient. It cit\ easil.v- sho~ tb4t ne8&tive valuea ot A2 

are not p~ical.ly attainable;. s0 tha't ~ extrapolation of the m$61Nl"e4 

cross section i$ necessary 1n ~ to te&ob tb$ pole at 1l~· • .. p.
2 • ~ 

dis~ ot extapola-t1on ls1 however, emU ~· to the pbn:tcal 

range ot cl·- 9.'he proeedu:re ·tor ~ t1:1e el.e~tl~ tom 

taetor· ot 'the pion u, then; to extrapolate ~ Cl'08$ section, wtth ita 

singulbll:i~1- suitabl;r ~ .. to - point A
2 = .,...2 ~ rus Pl'O~ A 

will be described. in 4etaU 1u See'Uon II" 

Bxperimen~ 1 1t wUi be mtces$a17 to me~ tbe eleetz.oproduction 

arose section as a tunettou ot at least.~ V81"1ables, A2 aid ).. It e ts 
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·the inctcl&nt eleotron :tour•momeatum, 1m! e • ts. the t111al.1 theA we have 

~ = •( a .. s • )2• QDe must 1mev A because the piOn fora tector is e. tunctS.on 

ot thts variAble. ·xn praoUoe, one «Nl.4 detEmnine ~ '\'ariQbJ.ea by 

measunag the enerar au4 4~ of the tiDal elect1.'0D, plus tw direction 

ot the t1na1 •son• lfo S\\dl ~s b&ve yet been maa... Xn tbelr 

recent ~D'ti hftot>sk:l aa4 Allton
2 ltlf;lU~ tbe ele~ vartablea 

bUt 414 noi; detect tbe meson 41reetl.y. 

1'be ~e ~e~ .. or tM e~ctroproduotion scattering amplitude, 

'Which .are tbe ._.,. ot the method ·outlined aboVe, ba'Ye ncrt been p~ 

a-J.~ly. ~ ~, btnle:ver, a very reasoztaole exteuion ot' propn-ties 

Whieh have been proved f'Qr other aeattertDg p~bleme. A plaU$1bUi't7 

-~at Will 'be) gt'¥\m ·lt~ Section :a A. Such a.nalyttc properties ot 

sea~ $1lplitur.tes have been 'the obJect ot IDUCh ~"· 'l!J.eu appl1ca-

'tion 1a the to:rm ot •pectHl ~presentetiou baa been suceeseful ln 

conelAittns __. experimental data :f.n pion ~ica. AppliQations very 

id.~W w .. tbs\··.~ 1n .. ~sis have ~ beea l!ll4e tor the 

~ ot ~ the pion-nuoleou CGllplirlg CONitant-. ~~tiona 

ot both~ -.elt!lioa-aucJ.eon
8

' 9 aai photop1on-product1oa10 Cl:'Ose sections 

ae f"UrJ.e'tt~na ot ~t ~ transfer ~el4e4 'Values of the couplJ.Dg 

· ~ ua ~bl\$ fl~X~t With valuea.obtaitJed by other --.ns. 

In prinetpl.e1 then, the ~1o properties of the ~1e~uct1on 

sqattering. atnplltude described abOve ·~11 ua that one Cfm detei"JBS.ne the pion 

tom. taet.or b:1 an e~lation proeedure. tn order to aese&$ ·the practical 

d1tt1cult7 1fl'Vt)lveiJ. 1n perto~ an extn~polf.Ucm of • given set ot 

~ntal 4at!a1 cme liWJt estimate the bel:la'r11or ot the ele~union 
. . . 
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-.tat in ~ ~Of ~Uon t.'b$0Jor, it is ~ tb&t the 

ele~~= Gl1l ~u~toG -~ el.enlmts .. loft· eloM)f ~latea.. 

!he 41ap&rs~ ~tical -.ltais of )hotop:rodut:tion bJ fh'M1 Gol4bers.er, 

tm, 4tll iambuu (beteattet ealled CGm) bas ~rt·~ to el.ec\~uctton 
· b1 Pubtni; ll$nbU .. ltd Wa~12 (~~ Pmrh !ihe. ce.Uul.etctOD. in 

See't1c:m m ta JGZ"fo~ ~ the usc ot a modifice.ticm ot t!:lelr ~; !be 

~ .~ u the matr:bc '~nt·~ vr1t~ 1it. relat1rl&t1c t~ 8$1 

~~pd~ly1 eerte.in l'$¢ail·00,~1on te1'li!G ~ d:.t'opp$4~ 
' 

In seetion IV the !'$Stdt$ ot this oale1.1l4tton o.re. 1n~ted ·as 

blplying that i'of' a eignifteatt\ extntpola~ion $:qt~ilnenta of gtee.t ~ewraey 

will be necess~~. ·~uracy· en. order ot mapitude better thAn ~ba~ acbteve4 

in the electrop:rod.U¢tion experiment .of i'atJQtalQ' and AUtGl'l. 2 
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,. n .. ~-~~~ 
-th ,.-~• .. ;91 sae~ 11 seatterJ!i,~· .. 
tat US' CODfl~r- txt 4etaU the ~c ~· Qt tbe ·eleot:ropion-

~ u~-a -.u~ Qu Vhleh the ~sea ~latton ~· 

.Aa ~ u tbe ~~ no~ -pn;ot ~t theae ~J'ti'' ·bU 

been at•• ~l'J $\tell pJ'Q~G -~ ofMn b8ell ~~,; tol' 

~~ in 'the ~lo-.1 spectral ~~ta proposed • 

Mlt.tdei.tam1
' d vel"if1.e4 t& eUth o~ Son ~bation ~. lt1tf.v-.tion 

t• ~e.~ them ~· t.rom ._ ~~.u ualog with ~ 

~ -dt ~~ SA~:IJJ& «9ll~a 6114 ~1.• ot pe~ 

~. ~ or .botlJ. ~ 1'l8#e been st't'en tv Cb1N8 
tOl:' ~ 

JlUOleon --~iltg, .,. by ~~ -~ik, and ~0 (be~ 'Mf) 

tor~. 'Be latter 4Ci8e <am be ~ ve17 eutl$ to 

·le~........,......... !b lovea~ ordtr 1n tbe ~~ ...... -·~- .---..... ...... ... ...-~~~· - . . <ir~l.f,.U\11~ ~tilrjliD11J 

tte~tcm ~• ~ ~ b1 a~ ~boton • ., 

~-~ .. ~ tbe tf~tJ baa.~, ~....., 11'1&8. 

(k2 = il!"~) so ftl~lon, .... tlMt.t th$ •WiX tal~~~ 
~WA!JJalqweU as~ ... (s..e.; !•! ;f O}. - e.xtst.@Ce 

of ~· .,.,. WJ.U' ~ atf~ the-~4. ~rts.e.,. and the 

"~" ·JdlmJ wtU ~ .... ll llb1tt in the JOt1tiun. ot tbe s~larl:u.en. 

IJ.'he M(dpe wse4 ill the -~ reterl'llid to ·~ Ia -~ f'ol~: 

lfo_ pt ·c:me ·part ot .. ~ eoaatd.eft~tbe ~- nataa lmto'A 

coul4 be reaohr!a 1t . p U&4 p" ~ ~us parttcles, ws.th q eal· k 

- o~ (k .. e .. a'). !he l.oWe'st of tb.ese s.a • 41$~ $iqle p1oll 

sttt.te, whteb. slws • JX)le at A2 = . ..,.2 (911 vla1cb the· )l!Opo:eed ~J.att.on 

·it bas$\)* !he next nate 1s ~ 0'1 two ptcma, whi:ch stwa .rU. to • 
.......,. __ ...._ 41- .a. ,.2 . Li. .. 2 · 
~ po~v e;., w • ' """'t1p • 
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The ~· ht4t ot the *otrum;. the ~ased epeet.zoum1 1.8 tounti 

m a atlrd.~ 1l'lltr by' eons~ ~ atate·e which Mn be ~.ached. it p e.n4 

9. ..- 1nciden\. Thta· ~ to. a ~ at (p • q)2 = ·tl; wbet'e .M ls the 
. 2 2 

wel.ecm. -., atu1 a ~ Jli)Uit at (p '"' t) = (M + 11) • Ifow· etnce 

:p + k = p• + q, we ttn4 •t 

He~ ,.a = (pt + v2 
i 1•e •; E 18 the ·total. er.t~:riN!/3 ot the t1n&1 nucleon 

and. pion in their bar.Yce».trtc GYStem (the S781VIm Ul which p t + q = 0) • . ~ ·..,__ 

Ullin& (2.1), one f:1n4a that the 01"'Ue4 speetl1.mt &ivets rlse to a. pole at 

The. $PEl~ o:t s~ttea a the A2 pl.an$ ca.n "be 

re-e..,.ese4 :tn temtil ot cos e, vbe• e te the angle be~ 1· Wl4-

_!! 1n the p• + q-= o eystem, Witb all symbol$ ret'eni.na to tbis s,.stem, 
~ --

/ JqJ2 + . .,.2) .: • 
'· ----

Then 1n the cos e p:tu.e tbe f.tJJG.l)'t1ctty region is the ·cut plAne, 111\h 

poles attA bnm.ch. :P"1nts afJ shown 1n Fie· 1. '!'he w-nttt7 m2 1a the 

ener;:v ot the final nucleon. Actua.l.l71 tbe existence ot such a ~ae 
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Jcl• (2.4) is a. ~ntz ~t, tbis <txpre.&ion must be valU 1D fiZI¥

~ srsW~n. tn ~ 14ll.l lwstem., w_ •-

(a.6) 

.ID :Eq. (2,.:J) -.. ~tttes 1n the n\UI!era•, s attd F.(~) , 

u-e not the mst ~-&1. -ftpl'$&sloDS ocr.:re~ to tbe d:tagratn Of 

-'1&• J. t'heT .heW&· -~ ;twa ~ 'falue. ~u.w to A
2 

o ·JJ.* 1n 

Qll'tteqft\~$1 O:f ·the ex'ttl"apolatton to that pofn'ti ~ pion .tom t&etor1 

f g (>.) 1 f.$ (tef'ined bJ' ~i4er1ng - picm•pbot;c:m. vertex '!ftth .both ~lOllS 

Ml the JIISBS 1Sbell. It • write the eontnbution ot ~hie ~x as 

Jv.( '-1' ~)J! • the mon ge.aera1 torJa ot J ¢08$~ 'Witll lorents 

~is 

J(41, 'a) = _...e Pa(~)q1 • e Gst (>..)~ , 

~ ~ l= ..(-~ ., ~)2. ftri C'&liti.nUtty ·equatton ~MB the t'UJ."'ther

r'lt~ (~ • t.1)•j • O, giving flf(11._) = G«().)1 or 

'-'Ate 4etinlt10S\ of tlMl J»Wn tc:nra ~ ts i'lOl."'nalized so that r" ( 0) = 1. 

- E~tton Ca-s) ~ au aMittot$1 s1nguUaritT ~eb must be 

~ 'bet~ u ext"'polati<m eM 11e ~. 1'he f&ctGr 1n bmckets, 

-whl<!h result& ttvm ~~as the tl'eee <)f ~ ~~ haG tbe f:orm, as 

" fUlaotttm ot cos e: Jtl.h:o• e) + ail) & P2(cos &), wbeN P1 -.na P2 . . { 
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.. . (·1. 2 )1/2 ee po~.u,. Bow atnGe sin. t • . • ooa e 1 · s.iD e ·bas a brenoh 

point at ~ t. = l, ~iDs extzoapolatton. Ve cta:rmo't get 1'14 ot tble 

eillgularltt' by UVistcm by the t'actor in ~.. stnee it can YaDieh 1n 

'the :rt!f8ioa ot dt8polatton u4 does _'fWti&h tn the· eaae to lM! 4tecmaaed 

1D seettoa XII. We can, 'boWeVel", -lt.Sate tbie undest.t'abltl ·GiJa 8 by 

~a "~tsed•' uoas .sectton. Den. a(e) • 40/ctP , The 

quantity s(e) a.oes, ot oour&e1 4epen4. UJOI'i ~lea other tluia e. 

Thea tlefl.M tlMt .,..trt..a. quantlty 

( tf(ooe e) )
8 

• a(e) + cr(-8) • 

In St.• (3.19) an equtftlent defiJd.ttoa or tbla .-etrlatiOD vtU • 

ii'fn· !he -~1't7 (<J( coa e)), , v111, ot cour-., be *• trom tbe 'breach 

·JOint M . eos· 8 a ·1, anA we o8n at lan wrlte tbe extrapolation tol'IJNla; 

43a r1- fl. a ., a(~) 
(A2 + Jla)e(«}a .I 2 e • • . 2 .·: . I , ( 4(q"s><t•a') • lit "'). t a a • 

. . . . {);. ·~ ;c M Gy_ t,. s t.i ••t' 

ca.a) 

The abo'le 41scuss1oa baa sbown that 1t cm.e beY tbe value of the 

41ttereattal. «""M eectton 4cl/41 eMir_.,_ portiOn ot ~ Jh181oal region, 

. OM ·COU14 o'btaf.n the~ ot F•(>.) by ~1c eoai>tmaattcm ot the f'unct:l.<m 

. (A2 + p.e) (. ti( cos e) ) 
1 

• !be -~ttcm betYeu. the Yalue ~ tbU tamcticm 

a.t A'2 = -t~21 Ui4 tbe pion form~ ts gS.vea by Eq. (2.8). Tbia I.e a 

1d.eiU1zt.ti.OD1 of «Nl"Se1 eluee 1D ~tf..ce one ·c&n la1ov tb6 f\met1on ODl3' 

to wttld.D " ect1'1'Ata enor ana. at • fttd.te tmmber ot l'O!.ntt. One prac:ttcal 

~ that ca. be emp~ te to »lot. the ~ w.lue o~ 
. . . 2 .2 2 . .. aa1 nt a po~ ta eosLO to tbeae po~ ~ the 
(~ + "' ) (a).,. . 
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method of .J.eMt 8q\SU'ee.9'15 The residue is theA siWn b7 the value of th!s 

po~1al-at tbe pole. Some eaasldention w:tu be ·stven ill the next 

seetion to the ~ Ul'¥01~ 1a this method ot elltrapelatiola. 

c. §!~leal Conat4epttoU 

Ia Ol"4er to perfOJOm tbe propoae4 extrapolation, it ie neceaBa%'7 to 

knOW til$~ section u a t\inct1on ot both the extnpolAtton WJriabl& 62 

ad the 'fViable ). on which the t'cma factor P•(>.) depeDds. Since ao 

N-J*"tlcle ( ~ plus outsotha) seattari:D$ problem .ta a tunctton o:t 

31 • · 10 variables (neaJ,eotlDG spina), electxoproduction is a f'u.uotlon ot 

five Yill'1abl.es. A OOAYen!ezrt dioice tor 'the ather three "**"lal>lea ts J, 

the tot1a1 eaezoat ot the pton ea1 zmcl.eon in tbe !' + ".... o qstemJ: 'fu the 

labOWlt~ ld.rletio e~ ot tb$ 1Dciclent electi'ODJ Uld Y1 i det1i&e4 1n the 

»' + q • o eYBf4m ·bJ' 
- VoN'<; 

· IJi ;tr111c1ple these three v&rtt.blea ·coul4 be illtegrat.ed out aD4 the 4l"'SO 

sect10n ~as a 1\mcticm ot · tl· a.n4 );. onl.7. In pt6Ct1ce, it may 

oe lii08t ~to determine &11 ttve ~leas tor 1aateaoe, b7 

~ the f.noideat electl'on enercr ua. ~ the 41stnbutton of 

meaou 68 a 1\mcti<m of 4treotion, in co1flc14eaee Yith t1D&l electrou of 

given Ureotl&n amd enez'(g., ·'ftl.etl· SA :pe~ the extrapolation all 

variables except ll a Jml8t be bald fiXed· The queat:t01a then aneea: wbat 

fttl.wts of a, t'u 8b4 P are moat ~le to the e~laticm procedure?, 

'> 
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·'lo an&'WU' this que&~tton va muat be abl.B to en.- ~ erroJ" 

aaGOCtate4. 'With dtr&J01A't1oa. Let u uwme that tbe $x\rapolat1cm 1tlU 

be _. b7 tttt~ a po~ s.n cos e to t1le tuaot~ (A2 + 1-\2)2(. )
8 

bJ tbe ~ of leas' ~·· ·!ben w eaa 'll8e a !Well-Jmown tol"JJNla to 

C6lc\llate the ezoror.
1

' 

Let Xo be ·the position et ~·pole u a tuDet10ll ct _. e. 

Then 4eftDe 

I. 

In the p • + q • 0 8J'Rem1 • tiall 
..... -· 

(2.10) 

to tlae poiat ~ • o, the poo1tton ot the ;pole ot (tJ}
8

• l!'Be er:rGr 1# 'the 

least-sp.rea :t;Glynomlal. e.t the point x: • o is given bJ 

. (fhU) 

1!) 
.. vbeft "' wblch clepen4e upon. th$ ~· of tit, la ~· i. ae 
iJUmltlltloa 1ra Bq,. (s.u •) .extemta O'f8r the .J>Of.nta at wtch t(x) ts Ja~.otm., 



. . 

·• 

t{x) at 

~~ . In O'l'der to Uia1 lq. (2.U) .to u~ thE! ~- ot A '\) on tbe 
' 

eicperi:JDent&'l ~' we ilwst JDI!t,k:e 80iDe 68sumpt10J1 e.bout the behavtor ot 

the t1 ••;~ ~-us UI'Ume that ·then 1s a~~ ~ton l in . 

tbe crus •ctton (tt)
8 

f'ot au ~e ot tt. 1J.'b1l 8eelll$ to be the most 

reuoDable u~ to make U1 the absenoe of detaUe4 knov~ ot tbe 

bebe.VtOJ' or . (11) ~. !ftd.a uaumpt:Lon ~ that t1ae s~ davtaticm t1 ~·N:·~·~,?,;t:;·;;f•'~·.:.;-;:, 

ot f(x) 1s 

• (2.12') 

Bote t.bat the error A a0 :ts )ll"OpOl"t1GDal to the lihaol\tte erro-r .i.n tbe 

m&a8\DI'e4 OJ'Oaa .,.u., ur1 to the~ J<x-1)~ ~o ~
only upon tbe distance of extrape>lAtiU. and the. 414Rri11at1on of J'Qints in 

the physical reston. 

Xt U qu,e.l1tatively evtdent that the enw w1ll rise with the distance 

of e~latton. t.t u .calcul&te the 41$'tance of ~lation as a 

nmct~on of I au4 ~. Jqu&ttoa (2.2) -rabows tba.t ~pole ocC\Q"s at 

(2.1') 
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. Hol4itaa A. ~~ o:ne f1n4:a t.bat au ~ittes on the ~1Wl4 eiae 

&i"e ~ t\m,cttoas t>t 1-.. One -~ e$$Uy .chow t.b&t -ln the :.• ·• q • o 

-~tetn tlse tollo'WUJG re'-ttcm.•. bolA: 

e-~ _ # E • (~ ... 2)/r. 

2 lfo ~ E • (fl + >..)/E 

Ia _:.· I • Q)! a Jr!Y~ +? 

1\~E•!co«= ~ • 

~ tie~ ot e~lattcm. aa a·~ f>t s~ tor- two 'falues ot ~ 

is~ u Ft$ .. '· 

_Itl ~r to ~t. ~ ~ ot A &o· .oa tbc 4!8~ ot 

~Jatton., "' .. ~ ealcNlate (a-1)00• · t.t ~ uaume tlaat we ~- ttt 

t(.-) vith a JO~ ot 'tlae ~ -~ (s- 4tl4 ~s ~)., ·ibm 

s,. 11 a tt..,._bt•ttve -~. . '!'he ~eton ot this ltiiP.trU vu Jlh'fOZ"Jlle:4 

v a machtae. ~tioD tor .-toua. i~-IS.'!'J'I*4•• ot extftpolatlba tt~r tbe 

~1~ .... ~'·e- po1At11 . xi -~ ~ oVer tbe ~1cal reat•· 
!'he "81d'ts M-e ~ tn fts• 4, ~ A a0/t 1s ~ ae • ttmettoa 

ot I tor ~ = 10. It t does .mot '9U7 mwth With E, bigber valuea ot 

• _.. ole.-~ tavo:red. b7 thta. couJ.daat:tcm. 

A aaeond const~~ 1$ the atr.e ot t11e res14ue at the polb. 

·-.For~~~ A·a01 'the atr.e ~the-n&~~- 'tile_ per~ en-or. 

hom Sq. (a.S) -one eees tb&t .'lol! • stven ftlue o_t ~ ..,_ fL tM re.-tdue 

lJJ ~tc-.1· to 



·. 

' . 

' ' 
•, 

( 4(q.s}(q.s•) • PQ :>.. )
8

_ .. 

< • 

In ftS• _ ., th'-s ·~ lu »lotteci. --~· ·1 tor two ~ .allies of ~. 

Xt one ehoG'ee ¢ ;i o ,... ., tbe st~ ·fJI the "tt~ ctee~ '11~ :s. 
. I, . • , ·• , , • 

N• -~. ifl, hOW'nt~1 .~ttt outW- l$y ·~ ~ ~4 4e...,.. c.r · 
. . 

~t A •&cit wt'tb m ~ tn ft«• 4. b ootlo1Qilon :b41-.~ ts' th&t 
. . 

\lnleS$. ~hetal .OXIdiw,tu· ·~~· Wir$' ~ -~l$l8 With .E 1la 

the ............... ft._.. ~t<JIIA-''A~.,;.. ... i..,ift 1;;4 ....... ftluel 'ot· B .. A ........ - ...... 
~~¥liP -~-·-4' ~~.+0.1 "~ . . 9.1ii'.l!f-..I!WVjllolliilijl 

Ca tbe c:JtheJ> barl\1 · u E !s 't»> ldgh, -.e ..,uJ. be ~ to \liSe 

6 po~ ot'h:l(lhel' tbla f'ourt11·~ to fl' t(x)J t .. e., ~. wt.U 

~ .... f.JrJ)Qrtant~~- ~ •111• ¢aleu~toa ot (ll~1)00 a~ th.lt -. 

'.~ t~s. ~~ wttb the~ t4 'bbl;.po~. \'he~ was 

~lated. i;n the ~ ~· u tor Pig. 4 tor t)le PQ1.ilt B ~~" 9.66 f'or 

tilth- .a ~-cmter ~. ror .-.· _tourth~ po~, 
rtg. it. shoW$ A "ole =- 1.34. ,.. ·the tt~•ro,.we toun4 A eu/a. 54S; 
_.. tor ~ a;.~, A ~~~ 1:1 ·9se. . 

a,-~ Cal.cu~ Of ~ ~ tor sevet'a1 ttpeeJ.tic u.triwtiQDS 

f.tl ;point# -~:, 60Ift ~tatiV. eonol.ueiODiif ,_.e \b"awn concel"ZllDg the most 
' . ' . ' 

,_.~,.. ·lte-tnWJton.. ~;) tt ~ ~le to haft. ~aments_ 

-s~ ~ u ~- • .~ u possible~ -~lY:the .entire ~ ot 

oou· e. Se:~ tt ee6111e. ~•uabl.e to ~o.ueeut8te moat· ot t1Mt ,o1..1rte 

cloa.e to eo. & o 1. '-' ~~ at tc = ~1.66 we .. O*J tl'*t tor· eleWn 

il . ..,.D'!V $~ ~:f.Jrte oA aofJ i!i 1.54., :POl" Di.U J0~8 a.t ®8 8 1!1! )_., 0.98, 

. : G.9!f.; o.S?,. o.?t. ~.26, o,· .o.:ri, ·fird. •1, • ~ a t.o/1 • 95· ~~ 
it f.s ot ~ ·dea~ to bti:Ve. M ~ ~- u poea1bla. JW 6, u, 

,. 

141 a1 2l ·~ ·~ pointe (B • 9.'6, tounta~r pc~); 

ft. ao/ I • ,.,, 1S4, 100 al14 r.,;_, ~CUvel3' • 



tt te ...,.. tbe scope .r th1a work to ~ ~ 4eftnittvo -.__. 

to tt~,t .,.-~ .pattcm ot tbe ~ ftlues of tll8 ~ten tor ~ 

PG'SJOie •t the eat~'tton .•. Aa ~·has· beec aade s.. thU- section to 

u.cuae the JDOIJt ~ ftO+.oft,. xa sectton m n a caleulatt.on wtu 

be Jll4e ot the e~tiou ei'0$8 aeotton .!a order·to tl'analate Eq. (2 .. 12) 

tnto eza entmae ot t~ rau:bimrA per ~ ·en"'lr ccapa'ttble 14th a atsrdt1carrt 

~~ tt is U.l\dl"6'bl41 Gf Co'Uz'Se) to t:&l'l7 ·0\lt :~.a ~"t1cm 

at the ~ ta~1e .,._. ot the .---. In orieJ" to cons14e a 

liiOl'fJ ta.lJAJI ~~ let u ~ the equi~ photoprodua1cm 

· energ ~; ·&ttiDed w 

(2.14) 

• ~it)" kph is tbe ~• a :pl1rJtoa DiU8t haVe 1!1. ·~ ~ 1n . · 

~ to ·~ee 4 J1tm-rmc~ tbl4 ate;te hiW'1q totei1 enersY l!l in 

·~ ~c ~· Oft t11e balte of the· conatanttone ci.f.acwssed 1.D 

W.a •¢ton, a :reuo-.ble pees tot tbe liQet pronti£dt1a 'VAlue of \h is 

~ . 500· Mev.· ·t'be ~· .:I.W ot I != 9•66 w.Ul be UGe4 1n tbe_ 

~•1on tn Sctc\toa m o. 
Aa a ttual kl"Eiftatlcal ~zoatton let ¥& 4ete~ \he pcseible 

~ .r ~. te 61 stwn 1 ·&114 ~ • ttl c>nsr to 4viw tblS J'tmP, note 

tbe relatl0ll$Mp ot >.., ~~ ard A1 to l.al:Jor&tozoy quantities, c1enote4 . 

too•~ L: 

•J 



~ • 2 "t •etU. • .- t) . 

2 _ _Q . 
B iD M~ • ~ + aM(TL • caL) 

Ae ~ &!(Ia, • N). . • . . (1-·11) 

-~ t t• 141! ~ IIQIJ1e httwft tbe I.Dit!i.l atd tt.1 ele~ 

~ctt=a. tn Bt-. (2.1') thEt llll(il ot tr.·e~ bas taeeil nes1~ 

~ to ltt ~. ,_ ·mqe. (9.15) .. (2 .• 16) - :ar.t 

ror • ct,_ t.. , 'UJ.e ma:d-.a ~ ot 1
2 ta -~ ~ -~ 

~ -·t • «• ~I'SC!l;Y; t "* tt Gltso sf.WG tbe ~ ·.iue 
. '1 

tit ).. ~ttea ftW a si~ I . $114 ~ (~ fttJ• 6). :91 ~~ 

· ~ Qm!· ·ctm obtatn ~ wd-. of ~. 
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m. I$TDM.B ·01 ~ .CRQ8s ~

A .• ~al 

In Ol'der to ~1$ the ~ift'ioul:t,' of ~ cut the ~ 

extrapolation, ODe .~ eetinate the ole~uct1on eroas section . 

as a tunction Cit cos e, mth the ~ten ).J 1, Tu ana. J~ ~l.d 

fixed. A p~ ~t of the eleetroproduetion problem hWI ~ 

(Siven bT D&Utz amd Yennte (heretilf'Wr nY) •16 ?!he moat reeEmt ~tUm, 
be8e4 cn& tbe »~1o11 tbeor7 a>t CheW, ooldberscr,· tbw1 and H&mbu,u 

was ml4e by mw. IlL t.'td.s sect1s a ~tment wUl be &1ven c:l® relf.es 
,_. 

he&T.lly on the atorementtond papen, but 'Which ~ ~t 411'tetentlf 

the. eonoentou 4ue to the :rwte muo · ot the nuc.l.eon. 

l)etirle tbe T matrix 

!he ! matrtt elemmt ~ be exprease4 1a tel'.IDS ot the ~ J 

associAted vi~ the trene1tion f'l'om ~to tiDal piou-nuoleon. state: 

• 

'!hie form e.ppltee to both electroproductioa arad ~ion. Ia the 

lAtter c&a&;r f: iS pi'Opol'ticmfU to the polarilf;'tioD veftorJ :f.ll the to:rmer, 

e bas to loweot ori.er tn e tbe va.l.ue 



a -.. 

• 

~ -- e·i(~s•) T u(e) 
,lf!1 • ; .. .-·- · • ,e.-r ·· 
.. p, )\. 

A.. ~-- 011t ill 17t1 the ume -~ of j and c eaa 01 e~eaed 
. . . 

tn te'tma ot' t~tr ~- ~•· b1 mee.-u 0t the ~- Et(1U4tion,_ 

N1i ta uaefi11· ill akp'tiq ~le _results to -e~uctton,. 
- . .- . '- ·._.,.· . - . -. '· . 

- . 2 

(I) ~ . 

•~ • ~ion~ss ~tty ff tee the 'Wltue 

.. 2 - .. 2 

1 • lf- _ ~-~-) t JJ jv (e•"' eY ~ sJJ kv ... av t1i -~ f >. t!v) • 

'-

'I . 

. !'he-~- .UCeessM ~l$tio1.l ·of ~ucttoa1 · SlWt£ ~ «JLI~ . 

t• baset oa._tbe aetboel ~t ~l. ~---t1ou. ThU 'caleulatioa was 

fi~ to· e~tma b7. nw •. At tt. .....,._. ot <the ~tal 
- . . ,. 
~ ~~ b Seot14n n~~- ~17 TL '*TOO Me~- kph = ~ Hw, 

the ~- .eolltttcma ot - dlqerot<m. ecuau.s $i'Vh ~ CGLN ~ 

· be •x.pe4tett tc> -1$ ~ aoavate. ·!he so~ .,. bMell. a ~ottDa 

~· .. :· ' ,, 
.• 



'& 

. 't 

.-. ot ~ than· tiN~ o~ i-n ·~/M1 rs/M, ana. l!d /M. When 

kph = · !'00 *"; tm! ).. • 10, l~l / M ·= o.5E). An · trl41eatton. of the 

·~ •t .,_ CGLN fOl'JIUlu oaa ''be obtained by ~SOil vtth 

~·Gat&~ Altho'ugb l>~1<m at~ ptollG trom 

~ ta in .. llen!t -sreememt •tb the OG!B theoey Up to 45()-Mev 

lab ~~~JerQ',rr pOaltt.,...p:ton ~uctton show ~ ~t above ·300 Mev. 

A ~·or the ~aon ot theor)t ant u.pertment 1rl positive-pion 

product10il 14 .stveA m Fta· a ot the paper b7 ~~ hnohk.Y, ana 
~11a1.18 

'!'he l$,ok ot ·~lt&tive suceeeti o~ the pbOtoprocluction 

theGry at~ euer&lee. nee4 not tit~ ua muoh here. The theory .. 
gtw. • semt-qw.1Btttstt:ve f'tt, wbt\'lh ehould be quite 64equaw tor the 

~ of e~;ttmatula the 4iffl4llltr ol the proposed ~lation" 

tet ua nov conatar those upeeu of tbe diaperal<m '\heon' ot 

. ele~eUcm. Vhich are •st ~ tor our calculation1 referring 

the :roder w rifl tor a mre 4eta..iled ae~t. ~ &Jmtnattt tema 1a 

· the .-.:u..tU4e tor 'Ule·pro4uoticlm Qt positive mesons are the rEmDna11ze4 

•J.eetJ:ola-chlirge BorD a;pproxtmaticm JB ·and tbe res01'$lt magnetic-d.ipole 

6ml)U\U4e JM• !file Jx. tel'1D 1s · 

(!).6) 

The ~st term.- anatDs · .bom .t!'.te du.sram o't Fis· 2, conte.:t• ·the pole on 

tlbictl the exttapoll.lt1a l$ baaed. Note the pr6aetlce of the pion t<>rm · 



•• 

t$CtQr1 ·which vas set equal to unity in Fltll. !he Pl'OtOn fOtm ~r 1' 1P(>..) 

18 qUite well knOWn trcro the electron-:p:oton &eatter1ng ~;t~ta by 

lbfstaatt~ alld cmllJJ.b9~to.rEJ. ?or Fi8(>..), ·the :as.sumption 't1n,('A) = o 

Will he made. At p1'eSent ~1.ment&l resul1u~ ~cate that 110 large 
2 19 

erro~ is made by this $S&\lillp't1on at ·tb$· valt~e ). '"' .10 "' • 

fM J~eSI.)llaUt magnetic dtpol.s term ts 

M41t~ ~ · tel'm$· aristitg b'Om the fleSOll C\U:'Z'Ot wUl. be neglected. 

here, •ltnls .wttb ~ctt.ons to the ~pproximation 'ftllues of the 

-S~ .-U4 small P•waw $1P11tudeo. %n this a:ppl"'Ximation the complete -

e.x;prea$~ fQ1md·. by P1IIW tf.#' the <Nn."ent j eonsis~s -of .JM' c>f the static 

11lnit of · Ju, fN¥1 ot reeoil correettou-·of order ll-/M• 

An alternative ~""'' wl:d.Qh vJ.U ·~ em;plDvet\ hem tor 11'lclu4.ing 

reet)tl Ctln'eet101$1 is to use the eo~B:Plete ~t ex.;.:resslon JB iBStead 

ot ite •'-~ie ltmit; 1.e. 1 set 

Except tr:Il.' tbe amall. part of v.8 tbat Qrl.ses from the ~loua moment, 
,, 

th:I.G expreaston lnclwlea all the v./M terms 1n ,.-. In a44it1on, by 

aw:ldtng the expa.uaicm ot JB in powers of 1/ M, 1 t 1noludee. some of the 

l:ligber-ori.er earrections which have been dropped in (:rmr). One might hope 

tbat th$ae oorTQC't:U>ns wbich have been included tWe t• nore ~ ones. 



. . 
some. extent ·Wberl cme uses expert.mental. values .troln .Pion·nu~leon aeattering 

tor the pbaH sbitt. . in tact, the CGLN formUla tor phatoproductton of 

neutral pioM1 wbieh 1a &mdaata .t.y Ax , hae been ah<Ml to agree well 

vtth the experimental a.ta17 up ·to. 450-Mev Photon l&bortJ.tory 8"l'JJ!!JrQ• 

. In order to gaS.n tvtber·, COnf'Uenoe in the use of 'the amplitude -JM 

at ~ee veu above resonauce ··and o.t Values at >.. up to 101 'Which is 

to be uae4 llei'e, let us examine how tbe specific form of --~ . arises in 

the CGUl tbctorr· In their ZJOtation ~+ 1a easential.l1 our ...;..-\t• 'l'bey 
' . . . 

· tc>1m4 (CGUf. Eq. 1,.1) a .simple proportionaltty ao~te ·to order JA/M, of 
·, 

· ~ and t'bb co:r;n&,POndillS p1on•nuol.eon scattering amplitude ta . ·zt· 

we Viah to use this resul:t at eurgS.es well above tbe (3, }) resonance enerSY, 

the impol;"tant q\leetion ts: llov large a deviation trom Eq. (13.1) of CGIS 

ocCl.U"S When higber•order terms 1n ~/M be~ appreciable? A partial 
~-. 

arwver to this qgeation can o. obtained b1 considering the !orn-term 

contrtbut1ona to M1+ ud r1,... .By a straigbtfol'W8.1'd but lengt~ 

pl'OJeet10Jl1 oae obta.ins, nealectiag D waves and higher wves, 

. 1/2 . 
w~ v1, 2 • ( (J4 + 11, 2)/'lla 1 · • Few eleetroproduetion, vbi~h reduces 

eaa117 to ~uction when. t~. .111 o, ·the wcleon•CUl'l'erlt part of the 

e1eotrlo Bon teftlSS ~vee 



II 

J\ B(:t) v 
. +:,e, :t: e t y1 (,.lO) = - ' fqffk I ' 

. + 
.............. 

+ ( ,.10 1 ) 

Reealltns tbat ..,.v(~) = IA~v{~) + ev('lt.)/BA , ,we- find that the s1mpl4 

proportionality, 

., 

14 ~ct tQ order "/M With :r = 1. C&lculating the exaet r fro!ll 

Eqe. (}.9) 1 (;5.lq), (:S.U), and (!),12), one finds tor photoprod.\\<ttion at 

26o· -and 400-Mev laboratory" energies that r = 0.990 and ),..007, respectively, 

vbereas. f<»." eleC'troprocluction at \h • 500 Mev and. ). = 10, r • 0.9,32. 

fJ.'.hus 1.n photoproduetion tbe a1mple proport1<mal1ty of the Born terms is 

reta1.ned weU above the (:5, 3) resonance energyJ even tor electroproduetion, 

up to at least the etate4 values ot kph eZI4 >..1 the value O'f r can be 



... 

~Jet epl· to \11\1.ty '\d. th sutr1eient aa~ for Ol.1J" purpose.s, Tble 

~taton (~.7) tor. -4t vtl.l therefOre ·be~ as tt atimtta. 

One .~.· COillbfitlt &bo'Uld be *e about lq. (,.8) vb!eh v1U be 

uee4 tor ·l., namely, that 'the inelUt~ion of both Jn att4 .1M re$ults 

· · . t.n ~1is ~ tetu twtce. We baw .- abO._ in Bq. (,.10) _that ~ 

. ooatl-tblite~ to the tlllPliiM4e ~ .... e B(t). 'l'h1a. coatrtlmUon f.a ~eluded 
. - . ' \ . 

ta ..$ .a. ebG'ald thereto¥"fl be aubtraete4 out ot. -'n • . ~quatton ( ,.10) 

s)'Jov8 the.' 'the ~t7 tbat shoul4 be ~ote4 hOm J is 

. 

. > 

eonsi4erei th1.u ~ ~ ~ ~ 8.nd wiU thel"efozre be ae~ 

··also. 

· .. 

Cr .. ~ttQ.n or ~.:P~~~ioll.Ctop_p s.~t!!• 
The :tormul.G (}.8) tor .l cleVe~ b the prevt<Ne aectton avoUla 

e'QamU:nS tbe electric !loi'a _teJ-ms tn ~ o't lf M u4 11&1 tb$retore 

include nuQleon-,..eoil etteow mGa.. accure.tely thea the <XilB fOI'IaUla. 

sinee 4etintte ~t bas \leen obaervetl ·u poatttve•:p1on produetion 

~ tbe OGUJ formula an4 exper1mel'1t, 16 a alcule.ti• :nee ~ -.e at a 

1&~ ~&¥ ot 4oo Mev ·to ·Stlfll tt ~ (,.8) leA4e 110 better 

~t.. Urdortwa•ly ~ does eot a(Mm to be. the cue.. Aa shOW u 

Pta. 1~ ~ ·woulatton .l.ecl to au~ cllatr1but1on ab!.oat ·ideats.l 
,. 



·. 

~ this pt;pel" _,. b$ aigJdt!cant~ more accurate ln the eleet~ction 

~~ .vheJte r-ecoil ~tona Q8D be mr. ~· 

~'t· . ~ttQ'l\ ot the B~cS"',EO!!ctto,a .9zroee. ~.1~.·· 

JJ$:\iiug . develOped and. inves"tsatEw:t a toJ.omllla tot> -~ , we are ree.a.v· 
to~ to • oalc\tl.atton ot the e1ectroproduct1on mas ae¢tton. ·since 

t-he math$ne:ry tor the ~ bas been set up 1n Sect-ton m A.1 we need 

·only 1ilaert Fotrmda (3.8) tor J into Bq. {,.,). Sep6rfittns f into 
.-

2 2 
+ fqJ (8 X k) ) } I 

~ ~ .. """' 

(,.14)· 
( 

.wbere . f) . ia def't.ned by Eq. ( '· 7'). 

!be 10m-term part ot .I can be eval.uatea. eovariSQtly b7 · 

iNbsti~ Sq. t3.Ei) into (,.,). ·fbe result tes 

1 I 2 2 P a 
~ ( = ) .1',., =: ~ e! S -· 2 { 4(q.a).(q•s•) ... ~] 
Jt. m • "' (~. + l) . . . , . . .. 

. 2 

. + . . ~'1! ·':je ·. r ~('!>. + lJ.2) + (p•k)(.o.2 + ~) - mib· .k) 
(E ... ) L ·- .. 

+ ·It f (p,a)(J•B~) + 2(p.a)(p* .a) + ~{p•a • )(p·• .s•) + ~ (2(p' .k)(p.s)(,.s•) 



:,-' 

•. 

I r F a _ . .. ,_ ... · I « 1 · · · t (.!\ + p••tt)h(:;) • (p.td b(p•) l • 
~.,; ... 1/)(A: . + 1) . ' 

·. . ,. .. '·.' ,· . 

ta w.. · t6l'U1UlA the ae~on bas. been -. .~' r 1 
11

(}.) • · 01 and 

. ;1P(~) • r,_P()..) • F
2
n().) E , P1(>.),~ a the ~bbre¥1At1on 

us beeJl tntro4uee4. 

P1DQl.4r, tbe crop_ tm~_·ta 

(,.16) 



.. 

* Q) - E .. M , 

cl - (!._ X ,!) •(J,. X_!) , (3.16') 

c:2 - (k X V•(k X 8) • "'='w\ ,._ ......... IIIJIW; 

nv, ~ aMe4 to J:a to rest(lre geuge in'Vartl\l,lee. 

A m.atJerteal. calculAtion of these f~ a8 a t.'Wletio:n of e 

bas beea made tor the ca.ae tUsmmaed tn Section II c, -ly 

or 

TL ... 5.039 

TWo V$lue& of the a.nsle ¢ (defined in Eq. (2 .. 9)) wen _,ed.: - = 0° and 

Gl • lBo0
• from ele~cleon s<:attel"iD& ~ta the value ot r1 . l 

ws chosen to be F1{l0) a 0.62. 

In order to Ca.l':r7' out the ~lat1on it was neces&aty to estimate 

the VI!Uue ot tbe phase aJ.liflt e33 at K • 9.66, Wdoh eqnoeeponcts to 

pion•m!eleon sQ&.ttertng at .,a Mev. One cannOt us• the Cbev•t.ow 

ef'teettve-ranae to.rDl\Jl&. •~ such e. h18lh energ. At ~7 Mev, Old.u ·~ li::lrit::Jn21 

fiml a ste;n1ficant deviation. .Ia ord.eir to. estimate tM phase abitt. at 

.550 Mev, the paints of Chiu e..nd lbtnon a1id one point by Willia22 
haVe been 

joined by a smooth curve and. the ~ a3, = 14'0 ~"$ad. eft at 350 Mev. 

rua cJ'\Jde esttm&te ehouUI. be quite adequate tor our ~s. 

To make. the 4epem1ence on tbe unknown torm factor '• explicit, 

let us write 



.. 

., 

'fb1t oaloulai¥ 4·~ ot A, B1 end e on e 1& abolm 1n Fig~ 8 tor 

¢ • J~,G0 ~ :t.a fts. 9 trw .(I • 0°. fhe ;~teal meant as_ of the two 'Yaluea 

of fJ 1• t~te4 _tn Fig. 10.- Coiup&ridon ot the twO ·,•es revee.la the 

~ tn.t A ~ "lfn:'Y st~ -On f). -!'be· origin ot thif!. ~ 

~- 1e the terin .1111 ~~ 1u tM ro~ ··f!l~ .to:r A: 

'!'.be telt'Jll A t. ot courP the pole 'krm *!cb. bas bQn tiecusaed, btl\ tbe ·'· 
' 

· ~ · !6 «e~ee bOte4 4bo'le will 'b8 ~ bf tbe extrapolation 

~ sua&eated 1n S.ri1cm -XX B. -call that it is ~ to 

$1llll'lhtrf.~ tbe. ~$ aeettc.m as preaort.,.d b7 Eq,. (a. 7) 1n ~ to 

. elJJDtate a. ~ch potnt. ·~ symmetrized I' _eem equ!V$lentl.y' be defined 

fhts S~$e4 _1"8 iS tbe~ til$-·~ Of ~be ~- ta _11. Off,H Of Fig. 8 

$ll4 tl'ls 1 • 0 ~ ot Pig. 9· 
r- . 

Detore sPirts ont.o tlle cons~t!on ot ~ 6 . ar.u1 &ts ~lotion; 

. let ua ~ the 4epenfleac• ot ~- e:S.ctroproctuatton cro.s sectiOn on the 

~'-' '•(3.0), nth P1(1D) • o.62. several cuea azoe p~ in 

. Pt.a. u. · ODe iateftst!Ds tea~- ot this sntiPh 1a that tor ~ ·CUI"Ve 

P .cto) • tJ, ~ $ !:; o.a,, there 1• anot.her 'VfiZ'Y etmUar ClJl"ft 



.. 

eorreapondiaB to a cU.tter:ent 'YUue of F u ( 10). This is il~tt in 

F1S• ll b)' the ~ tent 1'•(10) • r8(10) = 0.62 and tor lP" = 0.20. 

flnallJ', Fig. 12 shows the calcUJ.ated behllvtor ot the e~lation 

tunot1on (A2 + 1)2 ,1"
8 

at the end of tbe p~iQa.l regton .. 



.. , we we J'1CtW abkl· to -11 tbe en:ror ~tea d.e'wl.opact 1n 

Seotloll II 0. ·~ ~1e* rec:all tb\t tor O»,e .qase 1n tibieh th& Cl"C)CS 

section ·was ~ (t.t n1ae ~~~ pe1nts1 the en-or was tolm4 to be 

·4J::~ ~ iOo I•' Xt D.~ u the ~r in (ll· + 1)2JJ~ at the pout 

1:1
2 

• •l, tl1tm t ta the. enor <•aumed ~) 1D Ji
8 

~t _. ~ 
.· po1n~. . hem rt.s •. 12 we aee · tl'lat tt A t:lo ~ - the ~lat1oa yteUls 

110 ~ ~'ton.· ·fbte. l'(tCJd,tes a C.Ut.t $bso1ute en"Or iJ1 , .i• 
.. leaa t!U Ot:02. Ptgure U show thiJn if '• • 0.62, thi& JJJefit.U$ a percent 

·~ I"M81116 hom ~ tt.t e • o ._ $ -~ i * 90° .a er$ at e • 3Jlo0
• 

Ewm tbU ... S..te4 upper Umit of ~ev 1e ec:ms~bly ~tter than 

that ~wea b:r htlot&kt .IIJ4 Alltcm2 u • eaetroproduettt;m .experiment 

ln whioh o~ I Cfl24. ~ (not A2) ~ ~nect. fJ!hu8 it ~ ·that 

tM pJio.poaed ~Uti-., al.~ pOSSible 1n princtple,.Y!ll ftq\a1re 

UM1'1mfmttl ot ~ ~:;. 

A~ 

Tbi.s problem· was . ~ted by PZ'Of'aasor GeQffl'q f. Chew, whose 

valuable advice thi'o~ the coune ot the •rk t grea"t]3 appr.ectate. 

'.t'J.l$. 8M~1a of ~r 1Q a ~t-s~e extrapo.h\tion·Vf.\IJ done. 'Wllth the 

belp ~t lhf. IUcha{l:l J. Moravcslk.J 1 also beaetttect ~tl:v from Ye7tY 

tre~ ti&cunloJla with James s~ ·~au and Peter ~ •. 
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!rig. 1. Pol8s and bt.'aMh paints 1n tbe , cos e ple.ne. '1'he scale of' the 

~ is appropl"t&te to the 'YIJ:ues E "" 9 .66,' ~- = 10. 'J.1be 
· · . e a 

rlght.band pole U tbe Qne Q.-t A ¢ •Jl • 

Fi~· 3· . '1'he d1stan4e of axtr~l&tion as a !Unction at E r-01" two values 

Of' )..,.. Aiao shown .ia kpb , the equive.lent :t&bOra.tor:f energ 

1n p~ctlon (r.2 = ,;. + aa:Ph). 

f1&• 4. fh& ~nee of the ~lat1on error A aJl on E. · 

· Pie• !h '!'he va.rUitlon ot the· l.lymraetrized. reaidtle at the pols as a tuft~ton 

· ot E tor ftrious ¢ et t.rt. ~ 700 Mev . .- A • 10. 

F~et· 6. 12 w. t1.i. tor !'t w ·-rOo Mev tor ~oua ve.l.\1&$ ot th$. _l.abOrato%7 

sea~ u.gle t of t~ fi-.1 eleett-on. P9tntf a.boVe tne 

-11lie t = u .u.e riot ld.nematiC$ll.f posBible. 

1'1&•· 7•· ~uctttm at 400 Mrtv. sow Une: p;redlct:to= ot mOdittea. 

com t011l1Ula,. Eq. <,.a). Duhfltd 11:1e r ~et1• ot cottt 
tor.tta:zlzl,-. · ~~ !J()i:nts an those ot WaU-.er ~. fl:· 20 

fig. 8. 1.'b.e dimemat1Cnll.$ss t'umftiOM A(t)# B(t),. and c(&)~ 4et'ine4 by 

. t~t ~c ..... G tor if= .wv • 

Fig. g., ~- ~1~ A("f);, lt(t)1 $ftd c:(•) for ¢ .. ofl. 

fj.g., 10. Ul~ton o£ the two ~~ 9f ~ l.So0 and fQ "' r/!1 1n terme of 

~t..- 1n tM rqstem in Vhi<:b p • + q • o. 
. ,.(fV'!t&. """" 

Pig. u. A plot oE the ·a.f.mm&it.mleell ft.met1on ~ 1 prop:n;-tir:mtt.l. 'bo the 

e~et1on Q'0$1$ s.ectf4Uj tor I= g.t56, A= 10, 

Tz, m "(CC Mev, if • ,ur, ani varl0\18 values of the plOD tOtm 

tactor. 



Pte• 12. b ~late4 lle~ O't • extrapo:lAU<m ttmctioa 

(A2 + 1)2 ~~ a.t the .~ ct the_ ~ical re~n tt# the cue 

•• 



IT m 
to 

'i!f.$ ..... 
- -·~ ..... 

.,\ ll • 

B . h A + 2 ko E 2 + 2 M J-L + J-L 2) A+ 2 w 2 _k o + 3 J-L 2 ) Branch 
ran c ( _ r( · t 

point I · 21qllkl t 21qllkl . poln 

~ole t A_+_2_ko_k_2 ) 0 pole: I; A +2w2ko ) 

21allkl 21q1 11 1 

··;-- ./ / -, ·,_,'?:J, ". \f \ -·- " 
. ....... _ ... , __ . -

55,174-1 



s' 

-----

.. 



~----------------------------~~~ 

0 <;:t 
0 
~ 

1'0 

:l - ..... 
> 0 

0 
Q) 

0 C\J 

::E 0 
CJ) 

1..,_ - c: 
..c. ::J 
a. 0 
~ l{) c: ,.._ 

w 
0 

0 
0 
<;:t 

0 
0 
C\J 00 

l{) ~ 1'0 C\J 0 . 
0 0 0 0 0 

UO!~DfOdDJ~Xa JO aou o~s!a 
.. 



" 

' . ' . : ~-' 

'J,.i -;-
/~! 
•'' .· 1'-

- ~ 1'-

----------------------r-'ll{) ([ I() 

0 0 00 0 0 0 0 
0 0 00 0 0 0 0 
0 0 OCD lD ~ f() C\J 
v C\J 

.1/ 0
0 v 

000 
OCDlD 

l{) 

0 -
0 

l{) 
0) 

m 

l{) 

CD 

CD 

I() 

::l 
'+-
0 

en 
+-
c: 
::l 

c 

w 



.. 

.. 

~ 

v 
:l-20---------------------
'+-' 
0 

·-c:: 
::l 

c:: 
..< 

-15 

-I v_ -to 
I 
(/) 

" --.... 
(/) -5 
• 
c-

__.. -(/) 
• 

1T 31T 
cp= 2 '2 

o~--~~~-------=--~--~ 
0" + I ----~._----~----~----~ ~ 

v 8 8.5 9.0 9.5 10 

E in units of JL 

·. \ 
·. \ 

\::: V 1:: t. i'f f~ V VI 

£~ t t; :::; ~~ ~ d;;:, ' 

5 5,18 6 -I 



~,:; V • t:r1r':·l" 
U .. i-. ·:,: 

.. 

0 
0 
lD 

- 0 

> 0 
Cl) 

l() 

~ 
...__. 0 

0 
.£: ~ 
0. 
~ 

0 
0 
f() 

0 
0 
C\J 

~ 
.......... C\J 
~ .......... 

~ f()t::: 

II II II 

0 0 
f() C\J 

?,rl JO 

0 

0 
0 

(\J:l.. 

'+-
0 0 
en 

(/) 
+-

c 
0 ::l 
00 

c 

N 
0 LJ..J 
1'-

0 

0 
lD 

0 

S t IUn Ul ~ . 



--7" 
! I,...-·· ~ 

~-. 
I 

0 
i,.,, 0 

I 
:-.JJ ro 

CX) '-I \{_u) 
I I{) 

I 
I -

... I Ol I I • I 
I 

0) 

"U 
I l[) -I 1"0 

I 
I E I 

I I • I 0) 

I 
..... 
(/) 

I >-
I (/) 

I 
I 0 E 

I I • I Q) u 
I 
I c: 
I 

I • I 0) 

Ol 
c: 
0 

l[). 

I • I 
¢ Ol 

c 
0 \.-
1"0 Q) 

0 +-

N +-
0 

0 
u 

(f) 

~ <.0 N 0 ro <.D ¢ 

(·poJa~s/s uJoq rl ) UP/ .D P 



G 

., 

.-------.-----~----~------~,--~~----~------~-----------------0 
I \ 00 

I 
I 
I 
I 
I 
I 
I .. 

I 
I 

I 

I 

I 
I 

I 

/ 

/ 
/ 

/ 

/ 
/ 

I 
/ 

/ 

u / <{ 
/ 

/ 

I 
I 

I 
I 

I 
I 

\ 

\ 
\ 

\ 
\ 

\ 
' 
"' ' " ' CD '\ 

\ 

\ 
\ 

\ 
\ 

\ 
I 

I 
I 

/ 

I .-c I 
I ~------~----~----~------~~~~----~------~----~----~----~0 
0 
C\J 

l{) . 0 l{) 

d 
0 l{) 

d 
0 -

I 

l{) . -I 

0 . 
C\J 

I 



0 ~N 

I CX) 
I 

co 
I - \b co 

I I ~ -~ 
. I{) 

I I I{) 

~ I \ 
I ' I \ l() 

r() 

I \ 

I \ 
/ \ 

\ / ,...... 
u/ co' ~ 

/ \ Q) 

I \ 0 "'0 

I \ (}) ..._., 
CD I \ 

I \ I \ 
I 

J I 
I 

I l() 

I I ~ 
/ 

I / 
/ 

I / ,.. 
I / , 
I 

0 .·, 

0 I{) 0 l() 0 I{) 0 I{) 0 • . . . . . . 
C\J 0 0 - - C\J I I 

' I 

(/' 0 
.,. ' 



(J 

--

s 

s 



J 

0 
m 

., 

i· 

,.._ 
0' 
Q) 

'U 
"""" 
Q) 

/ 
/ 

,. 
10 
l(') 



'~= V t'·t:. t1 V'l 'J iii 
t.En :; ·.) ;_,. 

(I 

!J 

.,~ ... 

~ 

0 
r() 

q 

• 

•\ 

rr1· 

II 

tf= 

0 
C\J 

C\J 
<.0 . 
0 
II 

tf 

1'-: l~ 
-;c' 

0 ; i -~\~ _, 
. __ ...... 

-~ )~'·, 
\ ~ ,.. 

tO 
l{) 

00 
d 

m 
d 

co 
(/) 

0 
u 

0 . -

I{) 0 I{) 


